Measurements were carried out in 146 limbs with angiographically documented arterial occlusive disease (AOD) and in 85 limbs without AOD. Ankle systolic pressure (AP) was equal to or higher than brachial systolic pressure in limbs without AOD. It was below 82% of the brachial in all limbs with complete occlusion, usually below 50% in those with multiple occlusions, and above 50% in limbs with single block. AP was below normal in 19 of 25 limbs with severe and in five of nine with mild stenosis. All limbs with complete occlusion and 14 of 16 with stenosis had abnonnal pressures in the thigh. The foot-to-peak time (CT) and the width of pulse waves at half amplitude (WD) were related to heart rate in normal limbs. Considering the heart rate, the majority of limbs with AOD had abnormally prolonged CT and WD. Normal pressures and pulse waves were found together in only two limbs with stenosis and symptoms. The findings indicate that pressures and pulse waves provide a sensitive method for diagnosis and follow-up of patients with AOD.
arterial occlusion both result in diminished mean pressure and in decreased amplitude of the pressure wave distal to the lesion. Although diastolic pressure distal to arterial stenosis does not fall until the narrowing is severe, systolic pressure decreases with lesser degrees of narrowing.' Systolic pressure has been known to be diminished in the limbs of patients with arterial occlusive disease (AOD).2, 3 In 1956 Gaskell4 found that it was as sensitive an index of the occlusive process as the measurement of blood flow during reactive hyperemia. More recently, Strandness and co-workers`10 successfully From the Vascular Section, Clinical Investigation Unit, St. Boniface General Hospital, and the Department of Physiology, University of Manitoba, Winnipeg, Canada.
Work was supported by a grant-in-aid from the Manitoba Heart Foundation. 624 applied measurements of systolic pressures to the study of various aspects of the occlusive process. Alterations in the shape and time components of the pulse waves recorded from the limbs with AOD have also been reported.7, 11, 12 Although externally recorded pressures and pulse waves may be of help in the diagnosis of patients with AOD,3-5 7 25 and 40% in the vessels distal to the bifurcation of the common femoral artery and between 33 and 50% for the vessels proximal to this point. The stenosis was graded as severe when the encroachment on the diameter exceeded 40% and 50%, respectively. The different criteria for larger and smaller vessels were used because a relatively greater encroachment on the diameter is required in larger vessels before a hemodynamic effect is manifested.14 For the purpose of classification of the limbs into categories according to angiographic findings, isolated occlusions or narrowings in branch arteries such as the internal iliac, the deep femoral, or a tibial vessel were not considered. ARTERIAL OCCLUSIVE DISEASE obtained by use of the spectroscope and the pickups.
Recording of Pulse Waves
Pulse waves were recorded by the same pulse pickups which were used in the measurements of systolic pressure. With a little practice the pickups could be applied with appropriate degree of tension and recordings free from obvious artifacts were obtained. Pulse waves were frequently recorded in the absence of a palpable pulse. Waves were recorded from over the dorsalis pedis or posterior tibial arteries and from the popliteal fossa. For the application of the pickups in the popliteal region the feet were elevated on a pillow. The waves were recorded on paper moving with a speed of 100 mm/sec. Although the amplitude of the arterial pressure pulses cannot be quantitated reliably from the records obtained using external pulse pickups,16 the shape and the time components of the externally recorded brachial pulse waves correspond closely to the intra-arterially recorded waves.'7 Two time components were measured as shown in figure 3. Crest time (CT) was measured from the beginning of the systolic rise to the peak of the wave and the width of the wave at half amplitude (WD) was measured from the point on the upstroke when half of the amplitude was reached to the time when half of the amplitude was reached on the downstroke. The records were measured using a magnifying glass with divisions of 0.1 mm which corresponded to 0.001 sec. The measurements of three or more pulse waves were averaged. Both time components were expressed as per cent of the cardiac cycle. In 23 limbs recordings were repeated within 1 month. The mean absolute difference between the repeated measurements was 2 + 2% (SD) for CT and 6 +5% (SD) for WD. The mean difference between the heart rate was 7 + 6 beats/min (SD).
In seven subjects, six without evidence of AOD and one with a proximal stenosis, pulse waves recorded from over the dorsalis pedis artery using pulse pickups were compared with pressure pulses recorded within 45 min from the same site using intra-arterial needles and a recording system with adequate dynamic characteristics. 18 The CT and WD of the pedal waves were expressed in per cent of the cardiac cycle. The mean difference between the CT of the pressure pulses recorded by the pickups and through the intra-arterial needles was 0.4 ± 0.4% SE (P > 0.2). The WD, however, was significantly longer when the pickups were used with the mean difference of 2.7 ± 0.9% SE (P < 0.05).
Pressure and pulse wave measurements were not carried out in all the extremities at the proximal and distal sites. The number of measurements at different sites is given in the results.
Results Systolic pressure at the lower thigh as per cent of the brachial systolic pressure. For abbreviations and details see figure 4. heart rate in the limbs of both control groups without AOD (P < 0.01), and the WD of the pedal (P <0.01) and popliteal (P <0.05)
waves of the normal control group increased. Snedecor.19 Circulation, Volume HEART RATE Figure 6 The relationship of crest time (CT) of the pedal pulse waves to heart rate. Symbols as in figure  4 . The solid lines represent the regression of CT on heart rate for the two combined control groups without AOD and the 95% confidence limits.
the limbs of patients with aortic stenosis, the CT of the pedal and popliteal waves was abnormally prolonged, but the WD of both waves was within normal limits. The values of CT and WD were usually abnormally prolonged in the limbs with AOD. The CT of the pedal waves ( fig. 6) Figure 7 The relationship of CT of the popliteal pulse waves to heart rate. Symbols as in figure 4 . The solid lines represent the regression of CT on heart rate and the lower 95% confidence limit for the normal control group; the broken lines represent the regression and the upper 95% confidence limit for the control group with cardiovascular disease. There was a significant difference between the regressions of the two control groups. Figure 8 The relationship of the width of the pedal pulse waves at half amplitude (WD) to heart rate. Symbols as in figure 4 . The solid lines represent the regression of WD on heart rate and the 95% confidence limits for the normal control group; the broken lines represent the 95% confidence limits of the control group with cardiovascular disease in which the relationship of WD to heart rate was not significant. Figure 10 shows ankle systolic pressures measured during the initial and follow-up studies. Among 15 limbs with essentially normal vessels distal to the occlusive or stenotic lesion, there was a substantial increase in the pressure after arterial reconstruction in 14 ( fig. IOA) 
Follow-up Studies
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HEART RATE, Figure 9 The relationship of the width of the popliteal pulse waves at half amplitude (WD) to heart rate. Symbols as in figure 4 . The solid lines represent the regression of WD on heart rate and the 95% confidence limits for the normal control group; the broken lines represent the 95% confidence limits of the control group with cardiovascular disease in which the relationship of WD to heart rate was not significant. In subjects without occlusive arterial disease, AP exceeded the brachial systolic pressure, which is in keeping with the peripheral amplification of the arterial pressure pulse found using intra-arterial recording. 20 
Limitations
No appreciable discomfort is associated with the inflation of the ankle cuffs; however, the sensation of pressure is much more intense when the thigh cuffs are inflated, and many patients complain of considerable discomfort. In an occasional limb with heavy calcification of the arterial media, measurement of the systolic pressure may be impossible because of the incompressibility of the wall of the vessel.7 This occurred in one of 146 limbs with angiographic documentation of the occlusive vascular disease in the present series and in a total of six limbs among over 600 studied during the past 4 years, an incidence of about 1%. Although measurement of local systolic pressure is a sensitive method for the evaluation of an occlusive or stenotic lesion located proximally in the main arterial pathway to the limb, it provides no information about the presence or absence of lesions in the branch vessels such as the internal iliac, the deep femoral, or the individual branches of the popliteal artery. Normal AP will be recorded in the presence of only one patent artery in the leg. Normal pressure was obtained in a limb with the occlusion of both anterior and posterior tibial vessels, but with a patent peroneal artery. This limitation of the method is probably of minor importance, because isolated lesions of the internal iliac and deep femoral arteries are relatively rare26' 27 and reconstructive surgery on the vessels below the popliteal artery is not as yet in general use.
In some cases in which the occlusion is at the same site as the blood pressure cuff, the systolic pressures show an abnormality, but they may underestimate the hemodynamic significance of the lesion. In two cases of Circulation, Volume XXXVII, April 1968 complete occlusion of the superficial femoral artery in the adductor canal, the TP was only slightly below normal limits. This was probably due to the large collateral branches from the deep femoral artery which transmitted near normal pressure to a level distal to the site of the block before connecting with smaller collateral vessels in the region of the knee. Normal AP was recorded in four of 20 and normal TP in one of 14 limbs with proximal stenosis and symptoms consistent with intermittent claudication. Abnormal pulse waves were found in two of the four limbs with normal AP and in the one with normal TP, thus decreasing to two the total number of limbs in this study in which "false negative" results were obtained. It There was complete separation of the WD of the pedal pulse waves between the control limbs and those with complete proximal occlusion and, with the exception of two limbs with occlusion, complete separation of the WD of the popliteal waves. Therefore, the WD was essentially as good as the systolic pressure in separating the limbs with complete occlusion from the normal. The incidence of normal WD of the pedal pulse waves among the limbs with proximal stenosis was the same as the incidence of normal systolic pressures, but it was greater in the case of the popliteal waves. Information derived from pulse waves complements the study of systolic pressures and it may increase the diagnostic sensitivity of the procedure. As indicated above, abnormal pulse waves recorded in three of five symptomatic limbs with stenosis and normal systolic pressures reduced the number of symptomatic limbs with "false negative" results to two in the present series. Recording of pulse waves provides other advantages. There is no discomfort to the patient, so that the information derived from the popliteal waves may eliminate the need for measurement of systolic pressure in the thigh which is frequently associated with considerable discomfort. When systolic pressure cannot be determined because of incompressibility of the calcified arterial walls, the pulse waves may provide valuable information about the presence or absence of a proximal occlusive lesion. Since the pickups are applied distal to the pneumatic cuffs, they may provide additional information about the arterial segment between the cuff and the pickup. For 
